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In this paper we study the consequences of relaxing the hypothesis of the pressureless nature of
the dark matter component when determining constraints on dark energy. To this aim we consider
simple generalized dark matter models with constant equation of state parameter. We find that
present-day low-redshift probes (type-Ia supernovae and baryonic acoustic oscillations) lead to a
complete degeneracy between the dark energy and the dark matter sectors. However, adding the
cosmic microwave background (CMB) high-redshift probe restores constraints similar to those on
the standard ΛCDM model. We then examine the anticipated constraints from the galaxy clustering
probe of the future Euclid survey on the same class of models, using a Fisher forecast estimation. We
show that the Euclid survey allows us to break the degeneracy between the dark sectors, although
the constraints on dark energy are much weaker than with standard dark matter. The use of CMB
in combination allows us to restore the high precision on the dark energy sector constraints.
PACS numbers:
I. INTRODUCTION
The ΛCDM framework offers a simple description of
the properties of our Universe with a very small num-
ber of free parameters. It reproduces remarkably well
a wealth of high-quality observations which allow us to
determine with high precision the few parameters de-
scribing the model (typically below 5% in most of the
parameters [1]). Therefore, more than fifteen years af-
ter the establishment of the accelerated expansion of the
Universe [2, 3], the ΛCDM cosmological model remains
the current standard model in cosmology. However, the
dark contents of the Universe remain largely unidentified:
no direct detection of a dark matter particle has been
achieved, and the theoretical basis of the observed cos-
mological constant is not clearly established, especially
with respect to the issue of gravitational effects of quan-
tum vacuum energy (the cosmological constant problem
−see [4] for an extended review). In this context, a large
variety of explanations have been proposed beyond a sim-
ple Einstein cosmological constant: scalar field domina-
tion known as quintessence [5], generalized gravity theory
beyond general relativity [6] or even inhomogeneous cos-
mological models [7]. An extensive review on constraints
on cosmological models with the Euclid satellite can be
found in [8]. In addition, it has already been noticed that
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the pressureless (cold) nature of dark matter itself is not
firmly established [9]. Finally, even the separation of the
dark sector in physically independent components such
as a dark matter component and a dark energy may not
be relevant with cosmological observations alone [10].
In this paper, we examine the consequences of consid-
ering nonpressureless dark matter when constraining the
dark energy sector, with present-day observations and in
the context of the future Euclid survey mission. We fo-
cus on the simplest models, both for the dark matter and
the dark energy sectors. Namely, we assume constant
equation of state for both sectors: P = wDMρ for the
dark matter sector (wDM 6= 0 implies that the dark mat-
ter component has some pressure), and P = wDEρ for
the dark energy sector. Section II summarizes the con-
straints obtained on the previous two parameters using
the present-day data, while Sec. III shows the improve-
ments that are expected with the Euclid survey.
II. DARK CONTENT(S) OF THE UNIVERSE
In this section, we use observations from type-Ia super-
novae (SNIa), the baryonic acoustic oscillations (BAO)
and the cosmic microwave background (CMB) to con-
strain cosmological models in the presence of variations
in both the standard dark energy and the standard dark
matter sectors.
A. Method and data samples
In the following, we do not work with the full likeli-
hood of the previously mentioned probes, but with com-
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2pressed forms of them. They have been shown to be
faster and easier to evaluate and still remain accurate
for the most common cases. We assume a flat universe,
a Robertson-Walker metric and Friedmann-Lemaˆıtre dy-
namics through all the work. The Friedmann-Lemaˆıtre
equation is then given by
H2(z) =
8piG
3
(ρr + ρb + ρDM + ρDE) , (1)
where we have already imposed the constraint of a flat
Universe, i.e. the sum of the density parameters (Ω ≡
8piGρ/(3H2)) is equal to one. In this work we adopt the
value given in [11] for the radiation density parameter,
Ωr = Ωγ(1 + 0.2271Nefff) , (2)
with Neff = 3.046, Ωγ = 2.469 × 10−5h−2 and f =
(1 + (0.3173 · 187 × 103(mν/94 eV)(1 + z)−1)1.83)1/1.83,
where mν is the sum of the mass of three neutrino fam-
ilies, which we have approximated to be 0. We also
assume that the different fluids present in the Universe
are noninteracting with constant equation of state. The
Friedmann-Lemaˆıtre equation then reads
H2(z)
H20
=Ωr(1 + z)
4 + Ωb(1 + z)
3+ (3)
(Ωm − Ωb)(1 + z)3(1+wDM )+
(1− Ωr − Ωm)(1 + z)3(1+wDE) .
In order to determine the constraints on the param-
eters under study we assume a Gaussian likelihood and
therefore use a χ2 minimization procedure; i.e. we mini-
mize the function,
χ2 = (u− udata)TC−1(u− udata) , (4)
where udata is the data vector, u is the compressed likeli-
hood parameters representation of the data in the models
under investigation and C is the covariance matrix of the
data.
As we are combining essentially independent probes,
we obtain the total χ2 function as the sum of each of
them.
1. The SNIa sample
For the SNIa data we use the compressed form of the
likelihood of the JLA sample [12], which includes 740
SNIa from the full three years SDSS survey [13] and from
the compilation assembled in [14], comprising SNIa from
SNLS, HST and several nearby experiments. The χ2 for
the SNIa probe then reads
χ2 = rC−1b r
T , (5)
with
r = µb −M − 5 log10DL(zb) , (6)
where µb is the vector of distance modulus at redshift zb
(binned redshifts), M is a free normalization parameter,
Cb is the covariance matrix of µb and DL is the lumi-
nosity distance (see [12] for detailed explanations). It is
important to note that the normalization parameter M
must be left free in the fit and marginalized over when
deriving uncertainties, in order to avoid introducing ar-
tificial constraints on the Hubble constant H0.
2. Baryonic acoustic oscillations
Present-day BAO analyses are usually performed
through a spherical average of their scale measurements,
resulting in a constraint on a combination of the angular
scale and redshift separation. It is commonly expressed
as a measure on
dz =
rs(zdrag)
Dv(z)
, (7)
with
Dv(z) =
(
(1 + z)2D2A
cz
H(z)
)1/3
, (8)
where DA is the angular-diameter distance, H(z) is the
Hubble parameter and zdrag is the redshift at which the
baryons are released from the Compton drag of the pho-
tons. The comoving scale rs(zdrag) corresponds to the
total distance a sound wave can travel prior to zdrag and
it can be expressed in terms of an integral over the sound
velocity,
rs(zdrag) =
∫ ∞
zdrag
cs(z) dz
H(z)
, (9)
where
cs(z) =
c√
3(1 +Rb(z))
, Rb(z) =
3ρb
4ργ
, (10)
with ρb being the baryon density and ργ the photon den-
sity. For this work, we use the BAO measurements at
z = 0.106 [15], z = 0.35 [16] and z = 0.57 [17], following
Planck Collaboration XVI [18], which consists in the data
vector dz = (0.336, 0.1126, 0.07315) and the inverse of
the covariance matrix C−1 = diag(4444, 215156, 721487).
We use the fitting formulas from [19] to compute
zdrag and the value they provide for Rb(z) = 3.15 ×
104ωbΘ
−4
2.7(1+z)
−1, with Θ2.7 = TCMB/2.7K = 2.728/2.7
and ωb ≡ Ωbh2.
3. Cosmic microwave background
As shown in [20], a significant part of the the infor-
mation coming from the CMB can be compacted into
a few numbers, the so-called reduced parameters: the
3scaled distance to recombination R, the angular scale of
the sound horizon at recombination `a and the reduced
density parameter of baryons ωb. For a flat universe their
expressions are given by
R ≡
√
ΩmH20
∫ zCMB
0
dz
H(z)
, (11)
`a ≡ pic
rs(zCMB)
∫ zCMB
0
dz
H(z)
, ωb ≡ Ωbh2 ,
where we use the fitting formulas from [21] to compute
zCMB , the redshift of the last scattering epoch. We
use the data obtained from the Planck 2015 data re-
lease [22], where the compressed likelihood parameters
are obtained from the Planck temperature-temperature
plus the low-` Planck temperature-polarization likeli-
hoods. We use the compressed likelihood parameters
obtained when marginalizing over the amplitude of the
lensing power spectrum for the lower values, which leads
to a more conservative approach: (`a, R, ωb) = (301.63±
0.15, 1.7382±0.0088, 0.02262±0.00029) with the normal-
ized covariance matrix,
C =

1.0000 0.64 −0.55
0.64 1.0000 −0.75
−0.55 −0.75 1.0000
 . (12)
B. Models
In this section we present different cosmological models
generalizing the standard ΛCDM model. Constraints on
cosmological parameters for these models, obtained with
the existing data presented in Sec. II A, are provided in
the following section.
1. wCDM model
We first study a reference model with standard cold
dark matter and a dark energy component with constant
equation of state parameter: wDM = 0 and wDE = w in
Eq. (3). We denote this model wCDM (see for example
[23] for a previous study of this model).
2. CDM model
We define the CDM model by assigning wDM = 0 + 
and wDE = −1. This is the simplest version of the gen-
eralized dark matter (GDM) model [9], where the cold
dark matter is replaced by a GDM but keeping the speed
of sound and viscosity equal to 0 (see [24] for a detailed
study of this model and other GDM models). Since in
this CDM model we are modifying the matter compo-
nent in the Universe and it has an extremely important
role in the CMB era we must adapt the computation
of zCMB and zdrag by changing (Ωm − Ωb) by (Ωm −
Ωb)(1 + zCMB)
3 ≈ (Ωm − Ωb)(103)3 and compute R
as
√
(Ωb + (Ωm − Ωb)(1 + zCMB)3)H20
∫ zCMB
0
dz/H(z).
This comes from the fact that we change ΩDM (z) ≡
Ωm(z) − Ωb(z) = ΩDM (1 + z)3 by ΩDM (z) = ΩDM (1 +
z)3(1+); therefore, the effective ΩDM that should appear
in the CMB era is given by
ΩeffDM = ΩDM
(1 + zCMB)
3(1+)
(1 + zCMB)3
= ΩDM (1 + zCMB)
3 .
(13)
3. wCDM model
Finally, we consider an extended version of the CDM
model allowing for variations in the dark matter and the
dark energy sectors at the same time, with a constant
dark energy equation of state parameter different from
−1. We denote such a model as the wCDM model, hav-
ing two parameters for the dark sector, wDM =  and
wDE = w. Notice that for this model we must keep the
previous modifications on zCMB , zdrag and R since we
modify the matter component.
C. Results
In order to perform the χ2 minimization described in
Sec. II A, we use the MIGRAD application from the MI-
NUIT tool, conceived to find the minimum value of a
multiparameter function and analyze the shape of the
function around the minimum [25]. To compute the con-
tours and the errors on the parameters we use a statis-
tical method based on profile likelihoods. For a given
parameter θ we fix it at different values and, for each
of them, we minimize the χ2 function with respect to
all the remaining parameters. For each fixed value of θ
we keep the χ2min value. The curve interpolated through
{θ(i), χ2min(i)} points and offset to 0 is the so-called θ
profile likelihood ∆χ2(θ) (see [26, 27] for a more detailed
description and a comparison with the common Markov
chain Monte Carlo method).
In Fig. 1 we show the result of our analysis for the
wCDM model, with the 1σ and 2σ contours obtained for
the Ωm and w cosmological parameters. In the left panel
only the information coming from the SNIa and the BAO
probes has been used (fixing the reduced baryon den-
sity parameter to ωb = 0.02262 [22]), while in the right
panel the red contours correspond to the CMB probe
and the black ones correspond to the combination of the
three probes: SNIa+BAO+CMB. In these cases we have
not fixed the baryon density as this quantity is well con-
strained by the CMB probe. We have marginalized over
H0 in both panels. The constraints we have obtained
for the different models are summarized in Table I. For
the wCDM model, our constraints are (logically) very
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FIG. 1: Confidence contours at 68% and 95% (∆χ2 = 2.30 and ∆χ2 = 6.17, respectively) for the Ωm and w cosmological
parameters of the wCDM model. Left panel: contours obtained using the SNIa and the BAO cosmological probes with
ωb = 0.02262 fixed. Right panel: the red (large) contours correspond to the CMB probe while the black (small) contours
account for the combination of the three probes: SNIa, BAO and CMB.
similar to those of [12], whose authors used the BAO,
SNIa and CMB through temperature fluctuations from
Planck 2013 and polarization fluctuations from WMAP.
In Fig. 2 the 1σ and 2σ contours for the Ωm and 
parameters of the CDM model are represented. As in
Fig. 1, the left panel corresponds to the result using only
SNIa+BAO (fixing ωb = 0.02262), while the right panel
shows the CMB contours and the combination of the
three probes, with marginalization over the baryon den-
sity. We have marginalized over H0 in all cases. The spe-
cific constraints we have obtained are Ωm = 0.301
+0.014
−0.013
and  = −0.0003 ± 0.0011 (errors at 1σ on one param-
eter), which clearly differ from the result in [28], where
they provide  = 0.009 ± 0.002 at 3σ confidence level.
This difference can be due to the use of different cosmo-
logical probes. However, our results are compatible with
[24] where the authors provide  = 0.00063+0.00108−0.00112 at 2σ
confidence level, using Planck data plus lensing informa-
tion and the BAO probe.
In Fig. 3 the 1σ and 2σ contours for the w and 
cosmological parameters of the wCDM model are pro-
vided. In this case only the combination of the three
probes is represented, since the contours coming only
from SNIa+BAO or only from the CMB are highly de-
generated. We have marginalized over H0 and ωb. The
specific obtained constraints are w = −1.010+0.075−0.077 and
 = −0.0004 ± 0.0016 (errors at 1σ on one parameter),
which are slightly worse than for the wCDM and CDM
models due to the introduction of a new degree of free-
dom.
All the constraints we have obtained are compatible
with the standard ΛCDM model. However, it is impor-
tant to stress two points here: first of all, we have seen
the strong role of the CMB probe (SNIa+BAO alone can-
not provide us with good constraints for the cosmolog-
ical parameters) and, secondly, we have seen that the
constraints on dark matter and dark energy are not com-
pletely independent (see Fig. 3). This implies that all the
assumptions made in one of the sectors may influence the
constraints obtained in the other one.
III. DARK CONTENT(S) OF THE UNIVERSE:
A EUCLID FORECAST
In this section we derive the expected precision achiev-
able on the previous models, using the galaxy power spec-
trum Euclid survey in the linear regime.
A. Method
In the following, the forecast is based on a Fisher ma-
trix formalism in a parametrized cosmological model con-
sidering the Hubble parameter and the angular-diameter
distance as observables. We rely on the following matter
power spectrum [8]:
Pmatter(k, z) =
8pi2c4k0∆
2
R(k0)
25H40 Ω
2
m
T 2(k)· (14)
·
[
G(z)
G(z = 0)
]2(
k
k0
)ns
,
where G(z) is the growth function [29, 30], T (k) is
the transfer function [19, 21, 31], k0 = 0.005 Mpc
−1,
∆2R(k0) = 2.22×10−9 [8] and ns = 0.96 [1] is the spectral
index. The observed galaxy power spectrum is different
from the matter power spectrum because of the biasing
of galaxies and their velocity field. It can be related to
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FIG. 2: Confidence contours at 68% and 95% (∆χ2 = 2.30 and ∆χ2 = 6.17, respectively) for the Ωm and  cosmological
parameters of the CDM model. Left panel: contours obtained using the SNIa and the BAO cosmological probes with
ωb = 0.02262 fixed. Right panel: the red (large) contours correspond to the CMB probe while the black (small) contours
account for the combination of the three probes: SNIa, BAO and CMB.
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FIG. 3: Confidence contours at 68% and 95% (∆χ2 = 2.30 and ∆χ2 = 6.17, respectively) for the w and  cosmological
parameters of the wCDM model. The combination of the three probes SNIa, BAO and CMB has been used.
Pmatter by [32]
Pobs(k⊥, k‖, z) =
DA(z)
2
refH(z)
DA(z)2H(z)ref
Pg(k⊥, k‖, z) + Pshot ,
(15)
with
Pg(k⊥, k‖, z) = b(z)2
[
1 + β(z)
k2‖
k2‖ + k
2
⊥
]
Pmatter(k, z) ,
(16)
where b(z) is the bias factor between the galaxy and mat-
ter distributions, β(z) = fg(z)/b(z) ≈ Ω0.6m /b(z) [33] and
k‖, k⊥ stand for the parallel and transverse components
of k. Pshot is an unknown residual noise which we neglect,
since it is expected to introduce negligible error [34]. The
ref subscript stands for the reference cosmology.
For a given redshift interval, the Fisher matrix is given
by [35]
Fij =
∫ 1
−1
∫ kmax
kmin
∂ lnPobs(k, µ)
∂pi
∂ lnPobs(k, µ)
∂pj
· (17)
· Veff(k, µ)2pik
2 dk dµ
2(2pi)3
,
where we have changed k‖, k⊥ by k and µ (the modulus
of k and the cosine of the angle between k and the line of
sight, respectively). According to [32] the maximum scale
of the survey k−1min has almost no effect on the results;
6therefore we adopt kmin = 0. The minimum scale k
−1
max is
used to exclude scales affected by the nonlinear regime,
where our linear power spectra would be inaccurate. We
interpolate the values given in [32] for kmax. The effective
volume of the survey is given by
Veff(k, µ) =
∫ [
n(r)P (k, µ)
n(r)P (k, µ) + 1
]2
dr (18)
=
[
nP (k, µ)
nP (k, µ) + 1
]2
Vsurvey .
The last equality holds for a uniform density of galax-
ies. The comoving volume of the survey Vsurvey is given
by [36]
Vsurvey =
∫
dΩ
∫ zmax
zmin
dz
c(1 + z)2D2A(z)
H(z)
, (19)
where Ω is the solid angle. According to [32] we multi-
ply the integrand of the Fisher matrix by an exponential
suppression e−k
2µ2σ2r , with σr = cσz/H(z), in order to
take into account the redshift error σz of the galaxy sur-
vey. Once we have obtained the Fisher matrix for the
observables H(z) and DA(z) we can propagate it to the
Fisher matrix for the parameters using [37]
Fαα′ =
∑
ij
∂pi
∂qα
Fij
∂pj
∂qα′
, (20)
where pi stand for the observables H(z) or DA(z), and
qα for the parameters under study. The Fisher matrix for
all the redshift range of the survey is given by the sum of
the Fisher matrices for each redshift bin. The inverse of
the resulting Fisher matrix gives us the uncertainties and
correlations of all the parameters studied in the forecast.
B. Euclid spectroscopic survey
In this work we focus our forecast on the typical re-
sults expected for the Euclid 1 space mission: an ESA
medium class astronomy and astrophysics space mission
which aims at understanding the accelerated expansion
of the Universe and the nature of dark energy.
For simplicity, we restrict ourselves to the galaxy clus-
tering probe of the Euclid mission. In order to adapt
our forecast we only need five parameters, whose val-
ues are taken from the Euclid redbook [38]: the mini-
mum and maximum redshift, zmin = 0.7, zmax = 2.1;
the area, 15000 square degrees; the number of galaxies,
50 × 106; and the precision of the redshift estimation,
σz/(1 + z) ≤ 0.1%. We adopt the bias given in [8]:
b(z) =
√
1 + z. We split the redshift range of the sur-
vey into bins of width 0.1 in redshift. Narrower bins only
1 http://www.euclid-ec.org
marginally increase the precision while requiring more
computational time. Finally, the reference cosmology is
the one obtained in Sec. II C and it is summarized in the
fifth column of Table I.
In this work we limit ourselves to the spectroscopic sur-
vey on linear scales. We have checked that the photomet-
ric survey only marginally improves the constraints on
the parameters, while including weakly nonlinear scales
noticeably improves these constraints. Combination with
the weak lensing probe would obviously lead to even bet-
ter constraints [39]. A quantitative evaluation of these
improvements is left for future work.
C. Results
The results for the wCDM model are represented in
Fig. 4. In the left panel the 1σ and 2σ contours for
the Ωm and w cosmological parameters are computed
using the Euclid galaxy power spectrum forecast and fix-
ing the reduced baryon density parameter to its reference
value ωb = 0.02257. In the right panel the red contours
correspond to the CMB probe and the black contours
stand for the combination of the CMB and the forecast
assuming a Gaussian likelihood for the forecast. More
precisely, when minimizing the χ2 function as presented
in (4), we minimize the sum of the χ2 corresponding to
the CMB plus a χ2 function associated to the forecast
where the covariance matrix is directly the one provided
by the forecast. We have marginalized over H0 in all the
figures. The results of the forecast are the following con-
straints: Ωm = 0.299 ± 0.022 and w = −0.995 ± 0.026
(errors at 1σ on one parameter), which are much better
than the degeneracy obtained with SNIa+BAO present-
day data (Fig. 1, left panel). Combination with the CMB
gives Ωm = 0.2990± 0.0021 and w = −0.994± 0.022 (er-
rors at 1σ on one parameter), which are between a factor
2 and 6 better than SNIa+BAO+CMB present-day data
constraints (Fig. 1, right panel).
The 1σ and 2σ contours for the Ωm and  cosmological
parameters of the CDM model are represented in Fig. 5.
As in Fig. 4 the left panel corresponds to the Euclid
galaxy power spectrum forecast with fixed baryon den-
sity, while the right panel corresponds to the CMB (red)
and the combination of the forecast and the CMB (black)
contours. We have also marginalized over H0 in all the
figures. The specific constraints given by the forecast are
Ωm = 0.301± 0.010 and  = −0.0003± 0.0092 (errors at
1σ on one parameter), which again have greatly improved
compared to the degeneracy found with SNIa+BAO
present-day data (Fig. 2, left panel). Adding the CMB
we obtain the constraints, Ωm = 0.3001 ± 0.0030 and
 = −0.00024+0.00065−0.00066 (errors at 1σ on one parameter),
which are between a factor 2 and 5 better than present-
day SNIa+BAO+CMB constraints (Fig. 2, right panel).
Let us recall that all the results shown here are only for
the galaxy clustering probe restricted to the linear scales,
so we can expect significantly better constraints from the
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FIG. 4: Confidence contours at 68% and 95% (∆χ2 = 2.30 and ∆χ2 = 6.17, respectively) for the Ωm and w cosmological
parameters of the wCDM model. Left panel: contours obtained using the Euclid galaxy clustering forecast with ωb = 0.02262
fixed. Right panel: the red (large) contours correspond to the CMB probe while the black (small) contours account for the
combination of the CMB and the Euclid galaxy clustering forecast.
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FIG. 5: Confidence contours at 68% and 95% (∆χ2 = 2.30 and ∆χ2 = 6.17, respectively) for the Ωm and  cosmological
parameters of the CDM model. Left panel: contours obtained using the Euclid galaxy clustering forecast with ωb = 0.02262
fixed. Right panel: the red (large) contours correspond to the CMB probe while the black (small) contours account for the
combination of the CMB and the Euclid galaxy clustering forecast.
full exploitation of the future Euclid survey data.
Figure 6 provides the 1σ and 2σ contours for the w and
 cosmological parameters of the wCDM model. The left
panel corresponds to the forecast with fixed baryon den-
sity, while the right panel shows, in addition, the combi-
nation of the forecast with the CMB. We have marginal-
ized over H0 in both cases. The specific constraints we
have obtained using the forecast are w = −1.01 ± 0.13
and  = 0.000 ± 0.046 (errors at 1σ on one parameter),
which are much better than present-day SNIa+BAO de-
generacies that do not provide any significant constraint
(see the absence of constraints in the third column of
Table I). This is a remarkable result illustrating that Eu-
clid can break this degeneracy in the dark sector at low
redshift.
It is worth noticing, apart from the better constraints
expected from the Euclid survey, that we still find 2 a
significant correlation between the  and w cosmological
2 We have checked that changing (by a 20% difference) the fixed
value for the reduced baryon density parameter negligibly affects
the − w contours.
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FIG. 6: Confidence contours at 68% and 95% (∆χ2 = 2.30 and ∆χ2 = 6.17, respectively) for the  and w cosmological
parameters of the wCDM model. Left panel: contours obtained using the Euclid galaxy clustering forecast with ωb = 0.02262
fixed. In the small box on the lower right corner, the equivalent contours when fixing H0 = 68.6 km s
−1 Mpc−1 and Ωm = 0.301
are represented. Right panel: the green (large) contours correspond to the forecast while the black (small) contours account
for the combination with the CMB, marginalizing over the baryon density.
parameters from the Euclid survey (Fig. 6, left panel,
green contour) illustrating the fact that the dark matter
and the dark energy sectors are not completely uncou-
pled and cannot be constrained independently from each
other. However, the sign of this correlation may be some-
what surprising: if the total density were to be constant
we would expect w and  to be anticorrelated. We have
checked that this is indeed the case, when all the other
parameters are kept fixed (see the small box in Fig. 6, left
panel). When marginalizing over H0 and Ωm the corre-
lation changes and leads to weak constraints on the dark
energy equation of state parameter, w = −1.01 ± 0.13
(w = −1.01 being the fiducial value that corresponds to
our best estimate in view of present-day constraints), and
on the equation of state of dark matter  = 0± 0.046.
Adding the CMB constraint to the forecast results
in much more stringent limits on the parameters de-
scribing the dark sector, w = −1.010 ± 0.023 and  =
−0.00045+0.00065−0.00066 (errors at 1σ on one parameter), which
are similar to the obtained constraints on the wCDM and
the CDM model parameters (Figs. 4 and 5, respectively).
This fact highlights again the strong role of the CMB in
breaking degeneracies thanks to the strong constraint on
the dark matter equation of state parameter.
IV. CONCLUSIONS
We have investigated consequences on cosmological
constraints relaxing the pressureless nature of dark mat-
ter (wDM 6= 0). We restricted ourselves to the simple
case of constant equation of state parameter for both
dark sectors. Even if not fully theoretically motivated,
these simple models allow us to ascertain the maximum
values that the equation of state parameters are allowed
to take [40]. We have found that cosmological constraints
from present-day SNIa and BAO data are strongly de-
graded, revealing a complete degeneracy between the
equations of state of matter and dark energy. The con-
straints are essentially restored by the inclusion of CMB
data thanks to its leverage. We have then studied the
anticipated accuracy from the Euclid redshift galaxy sur-
vey. We have found that Euclid is expected to break the
above degeneracy between dark matter and dark energy,
but the high accuracy on the dark energy equation of
state parameter is lost. Combining with the CMB allows
us to restore constraints at a similar level to the wDM = 0
forecast in the specific model we investigated. We expect
even better performance from the full exploitation of the
future Euclid survey data, but the remaining correlation
between dark matter and dark energy equation of state
parameter deserves further investigation.
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9TABLE I: Cosmological parameter constraints for the different models and the different probes considered (Euclid GC stands for
the galaxy clustering probe of the Euclid survey). The errors are given at the 1σ confidence level on one parameter (∆χ2 = 1).
The ΛCDM model is included for comparison. The stars in some reduced baryon densities stand for fixed values. The dash
in the wCDM model using SNIa+BAO data stands for the extreme degeneracies which do not allow us to obtain significant
constraints on the cosmological parameters.
SNIa+BAO Euclid GC SNIa+BAO+CMB Euclid GC + CMB
ΛCDM
Ωm 0.288
+0.032
−0.031 0.2984
+0.0015
−0.0015 0.2984
+0.0096
−0.0092 0.2984
+0.0015
−0.0015
H0 67.6
+2.7
−2.4 68.80
+0.10
−0.10 68.80
+0.75
−0.74 68.80
+0.10
−0.10
ωb 0.02262
∗ 0.02257∗ 0.02257+0.00024−0.00024 0.022574
+0.000098
−0.000098
wCDM
Ωm ≤ 0.28 0.299+0.022−0.022 0.299+0.012−0.011 0.2990+0.0021−0.0021
w −0.72+0.18−0.25 −0.995+0.026−0.026 −0.995+0.052−0.054 −0.994+0.022−0.022
H0 53.0
+13.3
−5.5 68.70
+0.45
−0.45 68.7
+1.3
−1.3 68.68
+0.39
−0.40
ωb 0.02262
∗ 0.02259∗ 0.02259+0.00026−0.00026 0.022581
+0.000098
−0.000098
CDM
Ωm ≥ 0.31 0.301+0.010−0.010 0.301+0.014−0.013 0.3001+0.0030−0.0030
 −0.49+0.44−0.20 −0.0003+0.0092−0.0092 −0.0003+0.0011−0.0011 −0.00024+0.00065−0.00066
H0 50.00
+3.83
−0.90 68.60
+0.27
−0.27 68.6
+1.2
−1.2 68.62
+0.12
−0.12
ωb 0.02262
∗ 0.02262∗ 0.02262+0.00029−0.00029 0.02262
+0.00029
−0.00029
wCDM
Ωm 0.301
+0.041
−0.041 0.301
+0.014
−0.013 0.3011
+0.0038
−0.0037
w −1.01+0.13−0.13 −1.010+0.075−0.077 −1.010+0.023−0.023
 − 0.000+0.046−0.046 −0.0004+0.0016−0.0016 −0.00045+0.00065−0.00066
H0 68.6
+1.0
−1.0 68.6
+1.3
−1.3 68.60
+0.44
−0.43
ωb 0.02262
∗ 0.02262+0.00029−0.00029 0.02262
+0.00029
−0.00029
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